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Abstract Benefit-cost analysis of coastal and marine wildlife management
programs requires that economic benefits be monetized for comparison with
the costs of preservation. Without explicit measurement and consideration of
nonuse values, benefits may be underestimated and resources devoted to wild-
life programs may be underallocated. Using data from a contingent valuation
survey of nongame wildlife programs in coastal North Carolina, this paper
provides additional evidence that total economic values under uncertainty for
wildlife are theoretically valid. Specification error is found for valuation mod-
els which do not include measures of uncertainty. Specification error can lead
to errors in benefit estimation.
Keywords contingent valuation, option price, specification, validity.
Introduction
Benefit-cost analysis can be used to identify whether preservation of threatened
or endangered wildlife resources is efficient. Identification of efficient policy re-
quires that all benefits and costs of wildlife preservation, including the benefits to
users and nonusers of nongame wildlife, be monetized and incorporated in the
policy decision. The contingent valuation method (CVM) allows empirical mea-
surement of total economic value, including both use and nonuse values, for
wildlife resources. Nonconsumptive use and nonuse values measured by contin-
gent valuation are significantly greater than zero, indicating that nongame wildlife
resources are scarce economic goods.'
The appropriateness of benefit-cost analysis for wildlife resources has been
This research project was supported under Contract Number 90SG03 with funds from the
North Carolina Nongame and Endangered Wildlife Fund. The analysis and evaluation
offered in this paper is that of the author. They should not be interpreted as reflecting
policy of the North Carolina Nongame Wildlife Program. Personnel of East Carolina Uni-
versity's Survey Research Laboratory designed the sampling and implemented the mail
survey. This paper has benefitted from the constructive comments and insights of Richard
Ready, two anonymous referees, and the editor.
' Benefit estimates range from about $1 to $75 per household/individual depending on the
wildlife species, characteristics of the preservation policy, and type of survey. See, for
example, Brookshire, et al. (1983), Boyle and Bishop (1987), Bowker and StoU (1988),
Samples and HoUyer (1989), Stevens, Glass et al. (1991), and Stevens, Echevenia, et al.
(1991). Loomis and Walsh (1986) and Gregory, et al. (1989) provide thorough reviews of
this literature.
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debated. Kellert (1984) argues that economic methods are not sufficient to mea-
sure the total economic value of wildlife. Loomis and Walsh (1986) counter that
developments in nonmarket valuation methods, namely the CVM, allow total
economic values to be estimated. Recently, the use of benefit-cost analysis for
wildlife programs has been questioned again, this time on the grounds that mea-
sures of nonuse value lack validity (Stevens, Echeverria, et al. 1991; Stevens,
Glass, et al. 1991).
Contingent valuation studies of threatened and endangered wildlife have pro-
ceeded assuming conditions of certainty in demand for and supply of wildlife
(Boyle and Bishop, 1987; Bowker and Stoll, 1988; Samples and Hollyer, 1989;
Stevens, Echeverria, et al. 1991; and Stevens, Glass, et al. 1991). Uncertain
wildlife populations, however, make consumer choice and valuation uncertain.
Attempts to estimate the determinants of total economic values for wildlife re-
sources without controlling for uncertainty may result in specification error
(Whitehead 1992). Specification error from omitted uncertainty variables may bias
validity tests and valuations.
The purpose of this paper is to explore the theoretical validity and empirical
specification of contingent valuation models and value estimates for wildlife re-
sources under conditions of supply and demand uncertainty. This extends work
by Brookshire, et al. (1983) and Samples, et al. (1986). Theoretical validity as-
sesses whether a measure of a theoretical construct, such as total economic value
under uncertainty, behaves according to theoretical predictions. Formal validity
tests require at least two steps (Carmines and Zeller 1979). First, the theoretical
relationship between total economic value and variables which infiuence value
were set forth. Neoclassical theory of consumer behavior is relied upon to specify
theoretical relationships and empirical specifications. Secondly, empirical testing
of these relationships were conducted using contingent valuation data from a
survey assessing nongame wildlife programs in coastal North Carolina. Total
economic values were then estimated to determine if they are consistent with
theory.
Total Economic Value
Total economic value is the sum of use and nonuse values. Economic values
which arise from recreation activities in which the wildlife resource is not har-
vested, such as wildlife observation or photography, are called nonconsumptive
use values. Nonuse values may accrue to a potentially larger portion of the pop-
ulation who feel better off from knowing that nongame wildlife is preserved, even
if they never travel to the wildlife habitat area to pursue nonconsumptive recre-
ation.
With no uncertainty, the total economic value of a wildlife resource can be
measured by the amount of money that an individual would be willing to pay to
maintain wildlife populations. Total economic value can be modelled by a com-
parison of utility functions
v(G,y-WTP) = v(O,y) (1)
where v() is the indirect utility function, G is the wildlife resource population, y
is income, and WTP is willingness to pay which is a measure of the total economic
value. Extinction of the wildlife resource is indicated by G = 0.Total Economic Values for Wildlife 121
Economic values associated with threatened or endangered wildlife are likely
to contain much uncertainty. For instance, threatened or endangered wildlife
listings provides information that the risk of species extinction is greater than
zero. Supply uncertainty occurs when it is indeterminate whether the wildlife
resource will continue to exist so that it can be enjoyed by recreational users and
nonusers. For wildlife users, demand uncertainty occurs when it is indeterminate
whether recreational use of the wildlife resource will be pursued because of un-
certain travel costs, income, or tastes. For nonusers, demand uncertainty depends
on uncertain tastes.
The theoretical construct of total economic value for threatened or endangered
wildlife should contain measures of uncertainty.^ Without a wildlife protection
program q2 is the probability of supply and q, = 1 - q^. With a protection
program T2 is the probability of supply, r, = 1 - rj and r^ > q2.
Expected indirect utility without the protection program is
E(Vq) = qiV(O,y) + q2v(G,y) (2)
Expected indirect utility with the protection program is
E(Vr) = r,v(O,y) + r2v(G,y) (3)
With the simplifying assumption that preferences are state-dependent and prices
and income are known with certainty, the source of demand uncertainty is un-
certain tastes. The probability of demand is P2 where p, = l - p^. With no
protection program, expected indirect utility is
= p,[q,v(O,y) -t- q2v(G,y)] + P2[qiV(0,y) + q2v(G,y)] (4)
Following Freeman (1985), when the wildlife resource is not demanded v(O,y) =
v(G,y) and
E(v<,) = p,v(G,y) -(- P2[qiV(0,y) + q2v(G,y)] (5)
The total economic value of the protection program under supply and demand
uncertainty is the option price (OP), E(Vr,OP) = E()
p,v(G,y - OP) + P2[r,v(0,y - OP) + r2v(G,y - OP)]
= PiV(G,y) + P2[q,v(0,y) + q2V(G,y)] (6)
Option price is the ex-ante maximum amount of money an individual would be
willing to pay to increase the supply probability under conditions of supply and
demand uncertainty.
^ Inclusion of supply and demand uncertainty in the theoretical model follows Freeman
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The Contingent Valuation Survey
The CVM requires that a contingent market be presented to survey respondents
using mail, in-person, or telephone survey instruments. In order to generate re-
liable and valid measures of economic value a contingent market for wildlife
preservation with uncertainty must contain (1) information about uncertainty, (2)
the policy scenario (the baseline preservation level of wildlife and proposed in-
crements in preservation), (3) market institutions, such as the payment rule and
policy implementation rule, and (4) a value elicitation question (Mitchell and
Carson 1989).^
Information about Demand and Supply Uncertainty
The survey obtains information about demand uncertainty with the question:
"What are the chances that you will visit coastal North Carolina in the future with
a purpose of observing or photographing threatened or endangered wildlife spe-
cies?" Answers range from "definitely will not" (pj = 0.00, where pj is the
demand probability) to "definitely will" (pj = 1.00) with intermediate answers
coded with 0.25, 0.50, and 0.75 demand probabilities.
Following the description of the sea turtle program (see below) questions were
presented concerning species extinction. The respondents' subjective supply
probability was gauged with answers to the question: "/« your opinion, what do
you think the chances are that the loggerhead sea turtle will become extinct within
the next 25 years?" Answers range from "definitely will become extinct" (coded
qi = 1.00, where q, is the extinction risk) to "definitely will not become extinct"
(coded q, = 0.00), with intermediate answers coded with 0.75, 0.50, and 0.25
risks. The answer to this question serves as the pre-program supply probability (qj
= 1 - qi)."
Descriptions of the Policy Scenarios
Loggerhead Sea Turtle
Each survey respondent was presented with two contingent markets in a mailed
questionnaire. The first market presents a preservation program for the logger-
head sea turtle iCaretta caretta). Respondents were informed about the current
status of and threats to loggerhead sea turtle nesting habitat in North Carolina (see
Thompson 1988). Respondents were then told about a "Loggerhead Sea Turtle
Preservation Fund" with money used to manage loggerhead sea turtle nesting
habitat. One-half of the respondents were asked to assume that with the manage-
' A complete version of the survey instrument is available upon request from the author.
An attempt to avoid compliance bias (Mitchell and Carson, 1989) was made by stating that
the survey was being conducted by a university on the cover of the survey booklet.
" Respondents will state option price based on demand and supply uncertainty. Due to
survey space limitations, elicitation of both subjective demand and supply information for
both contingent markets was precluded. The demand uncertainty variable for coastal non-
game wildlife is used as a proxy variable in the loggerhead sea turtle model and supply
uncertainty variable for the loggerhead sea turtle market is used as a proxy variable in the
coastal nongame wildlife models.Total Economic Values for Wildlife 123
merit program the loggerhead sea turtle will definitely not become extinct within
the next 25 years (TJ = 1.00, where r2 is the supply probability after the program).
The other half were asked to assume that with the management program the
loggerhead sea turtle will probably not become extinct within the next 25 years (rj
= 0.75).
Coastal Nongame Wildlife
The second contingent market presents a preservation program for all threatened
or endangered species in coastal North Carolina, including the loggerhead sea
turtle. Survey respondents were informed that wetlands, forests, and beaches are
wildlife habitat areas that support populations of species listed by the North
Carolina Nongame Wildlife Program (1990) as state threatened or endangered
species.^
After several existing threats to coastal nongame wildlife were mentioned, a
"Coastal Nongame Wildlife Preservation Fund" and program was described.
Money from the Fund would be used to manage nongame wildlife habitat along
the North Carolina coast. Again, one-half of the respondents were asked to as-
sume that with the management program coastal nongame wildlife will definitely
not become extinct within the next 25 years (r2 = 1.00). The other respondents
were asked to assume that with the management program coastal nongame wild-
life will probably not become extinct within the next 25 years (rj = 0.75).
Valuation Questions
Following description of the loggerhead sea turtle preservation policy, respon-
dents were asked if they would be willing to donate a dollar amount ($A = either
1, 5, 10, 25, 50, or 100) to preserve loggerhead sea turtles:
"Suppose that a $A contribution from each North Carolina household each
year would be needed to support and fund the loggerhead sea turtle program.
Would you be willing to contribute $A each year to the 'Loggerhead Sea Turtle
Preservation Trust Fund' in order to support the loggerhead sea turtle pro-
gram?"
Respondents answer "yes" or "no" to the dichotomous choice question. A fol-
low up question contained categories of reasons for the response to the contingent
market.
Another dichotomous choice valuation question follows description of the
coastal nongame wildlife protection program:
"Suppose that a $A contribution from each North Carolina household each
year would be needed to support and fund the nongame wildlife management
program. Would you be willing to contribute $A each year to the 'Coastal
^ The species mentioned are the Dismal Swamp Southeastern shrew (Sorex Longirostric
fisheri), red-cockaded woodpecker {Picoides borealis), Southeastern bald eagle {Haliaee-
tus leucocephalus), American alligator {Alligator misissippiensis), Carolina salt marsh
snake (Nerodia sipedon williamengelsi). Cape Fear shiner {Notropis mekistocholas), Outer
Banks kingsnake {Lampropettis getutus sticticeps), the piping plover (Charadrius meldus),
and the loggerhead sea turtle. The contingent market makes clear that the representative
species mentioned for protection are only a few of those found in coastal North Carolina
that would be affected by the management program.124 Whitehead
Nongame Wildlife Preservation Trust Fund' in order to support the nongame
wildlife management program?"
Respondents may again answer "yes" or "no." The dollar amount variable ($A)
was the same in both contingent markets.*
Market Institutions
The contribution payment rule was chosen since it is similar to the North Carolina
Nongame and Endangered Wildlife Fund and would be familiar to survey respon-
dents. Survey respondents are familiar with this Fund because information about
the Nongame and Endangered Wildlife Fund is presented in the state tax instruc-
tion booklet each year. The implicit policy decision rule is that if a sufficient
amount of contributions are received the management programs will be imple-
mented. The payment and implementation rules suggest a payment obligation and
provide incentives for truth telling which minimizes strategic behavior (Mitchell
and Carson, 1989, Hoehn and Randall, 1987).^
Specification of Validity Tests
Theoretical validity tests based on the yes or no responses can be specified with
supply and demand uncertainty. A dichotomous choice CV question presents the
problem: "would you pay $A for q2 to r2?" which creates the choice problem
E(Vr,A) >/< E(Vq). Substitution of A for OP in equation (6) yields
Piv(G,y - A) + p2[riv(0,y - A) + r2v(G,y - A)] - Piv(G,y)
+ P2[qiv(0,y) -I- q2V(G,y)] (7)
If A > (<) OP then the respondent will answer "no" ("yes"). Let Av = E(Vr,A)
- E(Vq). If Av < (>) 0 the respondent will answer "no" ("yes"). Subtraction
yields
Av = p,v(G,y - A) -^ p2[riv(0,y - A) + r2v(G,y - A)] - {piv(G,y)
* The same dollar amount was used in both markets in order to enhance the direct com-
parability of the total economic values revealed by the two markets. This sequential con-
tingent niarket design presented two programs with increasing benefits at the same cost.
This design is similar to markets with iterative bidding which present one program with
constant benefits with increasing (or decreasing) costs. The two designs should be equally
plausible. In discussions with noneconomist reviewers of the sequential markets it was
apparent that the two scenarios in conjunction with each other were plausible. Dollar
amounts were chosen after reviewing the CVM wildlife literature to determine the probable
range of willingness to pay. Dollar amounts were randomly assigned to the surveyed
households.
^ Mitchell and Carson (p. 221) and an anonymous referee successfully argue, however, that
a special fund is less familiar than payment vehicles such as higher prices and taxes in
association with the referendum voting implementation rule. Incorporation of these rec-
ommended features of contingent market design would have increased the reliability of the
results of this study by reducing the hypothetical nature of the contingent market.Total Economic Values for Wildlife 125
+ P2[qiv(0,y) + q2v(G,y)]} (8)
and since p, = 1 - P2, r, = 1 - rj, and qi = 1 - q2
Av = v(G,y - A) + v(G,y) + PzKl - r2)[v(0,y - A) - v(G,y - A)]
(8')
It can be shown that
dAv dA\ dAv
> 0, > 0, < 0.
3P 3r dq
The change in utility increases with the probability of demand and the probability
of supply with the protection program. The change in utility decreases with in-
creases in the probability of supply without the protection program.*
Empirical Methods
Logistic regression is used to estimate the probability of a yes response in both
contingent markets (Amemiya 1981). Following Hanemann (1984) and Bowker
and Stoll (1988), the probability of a yes response is
Tr(yes) = F[Av > 0] (9)
where F(-) is the probability function for the mean zero random error in Av,
Adopting the logistic regression technique the probability function
T7(yes) = [1 + exp(-Av)]"' (10)
is employed.
The linear functional form for the indirect utility function where the public
good and income are additively separable is often assumed
v(G,y) = ao + py (11)
where a > 0 and 3 > 0. The contingent market provides the choice of two utility
levels
v(G,y - A) = ao + 3(y - A) (12A)
v(O,y) = a« + py (12B)
The change in indirect utility with no uncertainty is
Av = v(G,y - A) - v(O,y) = a - pA (13)
* The mathematical results are available upon request from the author.126 Whitehead
where a = aQ - a^ (see Hanemann 1984). Estimates of total economic value can
be found by solving for the dollar amount that would make respondents indifferent
to utility in (12A) and (12B) and Av = 0 (Hanemann, 1984, 1989). Setting the
probability of a yes response equal to .50 yields the willingness to pay estimate
WTP = a/p (14)
A positive willingness to pay estimate requires the theoretically consistent results
that a > 0 and p > 0.
From equation (8') with supply and demand uncertainty and a linear form for
indirect utility'
Av = a[p2(r2 - qz)] - |3A (15)
where
dAv
This functional form, with the constant suppressed, is similar to that used by
Edwards (1987). Setting the probability of a yes response equal to .50 yields the
option price estimate
OP = a[p2(r2 - q2)]/p (16)
where
- q2)] P
It can also be shown that
aOP aOP
-— > 0, -— > 0, — < 0.
The option price for the protection program increases with the probability of
demand and the probability of supply with the protection program. The option
price decreases with increases in the probability of supply without the protection
program. These results are available upon request.'"
^ Derivation of this result can be obtained from the author.
'" For the linear form of Av, the median option price is equal to the mean option price.
Other functional forms of Av do not have this characteristic. The log functional form of
utility suggested by Hanemann (1984, 1989) and used by Edwards (1987) was also at-
tempted. However, unexpected signs of coefficients resulted and further analysis of this
form was dropped. The functional form derived from either Hanemann specification has
the unwanted characteristic that the option price estimate is equal to zero if the demand
probability is equal to zero. Option prices for certain nonusers are, therefore, underesti-Total Economic Values for Wildlife 127
The Survey Data
The sampling frame is telephone directories of North Carolina households in both
cities and rural areas. The sample of 600 households is weighted toward the North
Carolina coastal plain in an attempt to increase the possibility of nonconsumptive
use recreation by respondents. The mail survey was conducted following proce-
dures described in Dillman (1978) during the Winter of 1991. After a postcard
follow-up reminder and a follow-up mail survey, a response rate of 35% was
achieved.'' Table 1 presents the variables used in the empirical analysis along
with variable means and standard deviations.'^ The sample is fairly representative
of the North Carolina population (see Whitehead, 1991).
Empirical Results
Logistic regression equations with and without uncertainty and from both con-
tingent markets are statistically significant according to the model chi-square
statistic at the 95% confidence level (Table 2).'^ Coefficient estimates for the
dollar amount, $A, variable are negative and significant at the 95% confidence
level. As the cost of the preservation program increases the probability of a yes
mated. A log-linear first-order approximation of Av, which included income, was also
attempted. Option price estimates for certain nonusers are positive but less than $1. Since
this functional form has the unwanted characteristic that the option price estimate is pos-
itive even when the change in supply probability is zero, these results are not presented.
" Contingent valuation mail surveys assessing wildlife resources tend to achieve lower
response rates than the usual 40-60% cited by Loomis (1987). In addition to this study, see
Brookshire, et al. (1983), Bowker and Stoll (1988), and Stevens, Echeverria, et al. (1991).
The exception is Boyle and Bishop (1987) who achieve a substantially higher response rate.
Because of the low response rate, nonresponse bias is a real concern. The most serious
consequence of nonresponse bias is distortion of the aggregate benefit estimates (Dalecki,
et al. forthcoming). When nonresponse bias is a suspected problem aggregate benefit
estimates should be found using a weighting approach (Dalecki, et al.) or a conserva-
tive approach where nonrespondents are assigned a weight of zero (Whitehead 1991).
'^ Following the sea turtle valuation question, a follow up question was presented. The
answers to this question legitimate 91% of the 222 total yes/no responses. The most im-
portant reason given (83%) for the yes responses was "survival of endangered species is
important for the environment." Of those who responded yes, few value nongame wildlife
for their outdoor recreation experiences (9%). One rcsponsent answered "yes" but felt
he/she "should not have to contribute to the Trust Fund." One respondent needed more
information and three respondents provided other reasons in written form which did not
contradict their response. The most important reason (40%) for a no response to the sea
turtle question is "I can't afford to contribute to the Trust Fund." Twenty-six percent of
no respondents needed more information. The 20 no respondents who felt they "should not
have to contribute to the Trust Fund" were considered "protest no" responses. It is
standard practice to delete protests from contingent valuation data analysis because they
are not believed to be true no responses (Mitchell and Carson 1989). Thirty-four respon-
dents provided other reasons for their no response in written form. The written reasons did
not contradict their no response.
" The chi-squared test statistic is for the null hypothesis that all regression coefficients are
equal to zero. It is calculated as X^ = - 2[LL(0) - LL(B)] where LL(O) is the value of the
beginning log-likelihood function and LL(B) is the value of the ending log-likelihood func-
tion.128 Whitehead
Table 1
Description, Mean, and Standard Deviation of Variables Used in
Logistic Regressions
Standard
Variable Description Mean Deviation
$A The requested payment $32.34 34.42
r2 Supply probability with
the management program 0.90 0.12
q2 Supply probability without
the management program 0.43 0.23
P2 Demand probability 0.51 0.29
P2(r2 - q2) Supply probability change
weighted by the
demand probability 0.25 0.23
response decreases. This result partially validates the contingent market response
since survey respondents answered the valuation questions rationally.
Specification
Overall model specification can be explored using several statistical tests. In this
study, the most appropriate overall goodness of fit comparison is with the per-
centage of correct predictions statistic."* The percentage of correct predictions
slightly increases from the certainty model (Model 1) to the uncertainty model
(Model 2) in both markets. This result is slightly misleading, however, since
Model 1 predicts all no responses in the sea turtle market and 87% no responses
in the nongame wildlife market. Over-prediction of no responses results from the
low values of the intercepts in Model 1. The intercept is an estimate of a which
should be positive to be consistent with theory. In both markets the intercept is
insignificantly different from zero.
For the sea turtle market, the correctly predicted yes responses is 0% and the
correctly predicted no responses is 100% using Model 1. For the nongame wildlife
market, the correctly predicted yes responses is 24% and the correctly predicted
no responses is 90% using Model 1. Using Model 2 the number of correctly
predicted yes responses increases to 53% in the sea turtle market and to 52% in
the nongame wildlife market. The number of correctly predicted no responses
falls to 81% and 74% in the sea turtle and nongame wildlife markets, respectively.
Since use of Model 1 would predict all or mostly no responses. Model 2 is a more
appropriate specification.
Validity
Model 2 in both contingent markets includes measures of uncertainty. The coef-
ficient on the uncertainty variable is of the expected sign and significantly differ-
'" Results from both the model chi-square and McFadden's R^ statistics, which both de-
crease as the uncertainty variables enter the model, are misleading. Suppression of the
constant term in Model 2 causes the value of the beginning log-likelihood function, which
is the log-likelihood with only the constant, to decrease in absolute value and make the test
results ambiguous.Total Economic Values for Wildlife 129
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* indicates significance at the 95% confidence level.
" LL = value of the log-likelihood function.
ent from zero at the 95% confidence level in both models. The larger the change
in wildlife supply probability weighted by the demand probability the larger the
potential effect of the proposed management program and the higher the proba-
bility of a yes response. The individual coefficient results partially validate the
yes/no responses to the CV question on a theoretical level.
Valuation
Mean total economic values are calculated for each of the four models (Table 2).
Without uncertainty in the valuation model, the willingness to pay estimate is
- $11.10 for the loggerhead sea turtle program and $2.97 for the coastal nongame
wildlife program. The negative willingness to pay result is consistent with the
result of Bowker and Stoll (1988) when using the same functional form. Further,
these estimates are not significantly different from zero since the numerator in the
ratio that forms willingness to pay is insignificantly different from zero in both
markets.
With measures of uncertainty in the valuation model the option price estimate
is $10.98 for the loggerhead sea turtle program and $14.74 for the coastal nongame
wildlife program.'^ These estimates are calculated at the mean of the change in
" Subjective probabilities were chosen for study since they are often found to be more
relevant in explaining behavior, relative to objective probabilities. From prospective ref-
erence theory (Viscusi 1989, Smith 1992), a divergence between objective probabilities and
perceived probabilities is often observed. Therefore, the choice of the uncertainty measure
to use when calculating total economic value can have significant welfare implications
(Smith 1992). In this study the subjective extinction probabilities are likely to be greater130 Whitehead
wildlife supply probability weighted by the demand probability. The option price
estimate becomes, more plausibly, positive as the uncertainty variables are in-
cluded in the sea turtle model. In the nongame wildlife model, the option price
estimate also increases. These results strongly suggest that failure to properly
specify valuation models by including measures of uncertainty can lead to errors
in estimates of total economic value for wildlife resources.'^
Conclusions
Using data from a recent contingent valuation survey, this paper provides addi-
tional evidence that total economic values under uncertainty are theoretically
valid. Validity tests are specified based on theoretical predictions from the theory
of consumer choice under uncertainty. Empirical results from two contingent
markets support the theoretical predictions. Specification error is found for val-
uation models which do not include measures of uncertainty. Estimates of total
economic value suggest that specification error may also lead to errors in benefit
estimation.
The results of this paper provide evidence that uncertainty must be considered
in contingent valuation studies of threatened or endangered wildlife. Failure to
include uncertainty may lead to erroneous conclusions about the validity of total
economic values for wildlife resources. Exploration of the effects of demand and
supply probabilities on validity, specification, and estimates of option prices may
continue to support the feasibility of using total economic values, which include
nonuse values, in benefit-cost analysis.
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